, L. H. Ç1-s duration at 300 Hz by using a waveform consisting of a 0.2-ms anodal pulse followed after 0.1 ms by a cathodal pulse of Rowland, and P. M. Dougherty. Human thalamic nucleus mediating taste and multiple other sensations related to ingestive be-the same magnitude. In each of these patients a trajectory ( Fig. 
I N T R O D U C T I O N R E S U L T S
Although the primate taste relay has been characterized Figure 1 suggests that a circumscribed region mediates by lesion ( Blum et al. 1943; Burton and Benjamin 1971 ) special visceral (taste at locations 1, 2, and 5) and special and single cell recording studies ( Burton and Benjamin somatic sensations (pungent smell at locations 3 and 4; see 1971; Pritchard 1991; Pritchard et al. 1989 ) , the sensations DISCUSSION ) and that this region corresponds to Vcpci evoked by stimulation of this nucleus are unknown. We (Schaltenbrand and Bailey 1959) . At location 5 (Fig. 1C ) now report sensations evoked by threshold stimulation at a pure taste sensation (Table 1 ) was evoked at 5 mA, consismicroampere current levels ( TMS ) ( Lenz et al. 1993 ) in the tent with excitation of neural elements over a distance of region of human ventralis caudalis parvocellularis internis õ100 mm (Ranck 1975) . Dorsal to this site, tingling sensa-( Vcpci ) that corresponds to the monkey thalamic taste relay tions evoked by stimulation were referred to projected fields ( ventral posterior medial parvocellular nucleus, VPMpc ) located on the face, and cells had tongue receptive fields in anatomy, immunohistochemistry, and cytology ( Hirai (RFs). These findings indicate that the ventrocaudal (Vc) and Jones 1989 ) . TMS in this region during awake neuronucleus was dorsal to this site (Lenz et al. 1993) . Ventral surgical procedures evoked contralateral special visceral / to this site, at the base of the thalamus (X), TMS-evoked somatic ( taste / pungent smell ) , general visceral ( fullness tingling in the hand indicating the dorsal border of the medial of a hollow viscus ) , as well as painful ( oral burning ) and lemniscus (Lenz et al. 1993) . In this case taste was evoked nonpainful general somatic sensations ( oral and nasal tinby stimulation in a discrete functional region below the tacgling ) . General somatic / visceral sensation was evoked by tile tongue representation. Overall, sites where TMS-evoked stimulation at 80% of sites where special visceral / somatic special visceral/somatic sensations were located are as folsensation was evoked. Thus the primate thalamic taste relay lows: 1) over a 0.5-2 mm length of trajectory within 2 mm may signal multiple sensations in addition to taste.
of base of the thalamus (Fig. 1, A-C) , 2) below the region where cells with cutaneous RFs were located (Fig. 1, B and
, and 3) either medial to (Fig. 1, A and B ) or in the plane where cells had cutaneous RFs on tongue (Fig. 1C ) or in We report results of the physiological exploration that preceded the parasagittal plane where cells had cutaneous RFs in pharstereotactic thalamotomy under local anesthesia in three patients ynx (Fig. 1B ) (see Jones et al. 1986) . Therefore the location ( designated A , B , and C ) . Targets predicted radiologically were of the discrete functional region where special visceral/socorroborated physiologically by recording and stimulation ( Lenz matic sensations were evoked seems to correspond to Vcpci et al. 1993) with a glass-coated, platinum-iridium microelectrode ( impedance 1 -1.5 MV ) . Stimulation was delivered in trains of (Fig. 1, A, 
top right).
Multiple other sensations were evoked by stimulation in Vcpci. General visceral and general somatic sensations were usually evoked at the same site (locations 1-4) as special visceral/somatic sensations. Sensations at all five locations were evoked by stimulation at currents õ40 mA that produce excitation over distances of õ200-500 mm from the stimulating electrode (Ranck 1975) . TMS-evoked sensations were absent dorsal (Fig. 1, A and B) and ventral (Fig. 1B) to the level where special visceral/somatic sensations were evoked. Previously, TMS-evoked visceral sensations have only been reported by stimulation in nuclei distant from Vcpci (Lenz et al. 1994) . When different categories of sensation were evoked at one site they were always evoked at the same current as in the case of sites in the region of Vc where thermal and paresthetic sensations were evoked by stimulation (Lenz et al. 1993) . This data strongly suggests, but does not prove, that all the sensations evoked at locations 1-5 were due to stimulation of Vcpci.
D I S C U S S I O N
This report demonstrates that Vcpci is the human thalamic taste relay nucleus corresponding to monkey VPMpc. Involvement of VPMpc in taste is based on lesion studies (Blum et al. 1943 ) and on recordings from cells responsive to gustatory stimuli (Benjamin 1963; Burton and Benjamin 1971; Pritchard et al. 1989) . This is the first report of sensations evoked by stimulation in this region and strongly suggests that the primate thalamic taste relay mediates other modalities in addition to taste. These findings are consistent with evidence of convergent inputs to cells in VPMpc (Benjamin 1963; Pritchard et al. 1989) and to the dorsolateral segment of the nucleus of the solitary tract (NST) that projects to VPMpc (Beckstead et al. 1980; Beckstead and Norgren 1979) .
The location and quality of sensations mediated by the primate thalamic taste relay are suggested by the present study. At location 2 a sour taste sensation was evoked in the posterior tongue ipsilaterally, suggesting that different tastes are topographically localized on the tongue. Perception of different tastes does vary as a function of position on the (A, top) . A, middle: result of stimulation at a site is shown by a tick to the left of the trajectory; result of recording is shown by a tick to the right of the trajectory. Sites where TMS evoked sensations in a part of the body (projected field, PF) are shown by long ticks to the left. If no sensation was evoked, then a short tick is shown to the left. A long tick to the right indicates a cell with an RF; a short tick indicates one without. Location number in parentheses (see Table 1 ) is indicated adjacent to each solid circle. Each site where a cell was recorded or stimulation carried out or both is indicated by the same number in the Fig. 1A , middle and bottom. In Fig. 1A , bottom, the PF, RF, and number for each site are shown to the left of, the right of, and at the vertical line. On the PF figurine solid areas indicate where tingling was evoked by stimulation. Threshold (in mA) is indicated below the PF figurines (Lenz et al. 1993) . A fall in neural noise levels identified the base of thalamus (arrow). Locations of recording and stimulation sites in two other patients are shown in B and C; symbols are shown in Fig. 1C , inset. Vim, ventralis intermedius; Vc, ventralis caudalis; Vcpci, ventralis caudalis parvocellularis internus; CM, centralis medialis; PC, posterior commissure (Schaltenbrand and Bailey 1959). tongue (Boring 1940; Collings 1974) , although this effect nerve X territory and noxious oral (location 3) or innocuous nasal cranial nerve V somatic sensations (locations 1 and is weak (Collings 1974) . Sensitivity to acid (sour) is most pronounced over the foliate papillae at the posterolateral 2) were evoked at the same locations as special visceral/ somatic sensations. The present report argues forcefully that, aspect of the tongue (Collings 1974) consistent with the observation at location 2. This observation also suggests that in primates, the rostrolateral segment of the NST and the thalamic taste relay nucleus mediate multiple sensations in taste is represented ipsilaterally, as in monkeys (Benjamin 1963; Blomquist et al. 1962; Pritchard et al. 1989) .
addition to taste. Although VPMpc does not receive olfactory inputs, physi- Comp. Neurol. 190: 259-282, 1980. guish qualitatively between different pungent odorants such BECKSTEAD, R. M. AND Significant convergence of sensory modalities is found in Comp. Neurol. 118: 77-87, 1962. monkey VPMpc. In VPMpc two-thirds of cells responding BLUM, M., WALKER, A. E., AND RUCH, T. C. Localization of taste in the to gustatory stimuli also respond to innocuous mechanical thalamus of Macaca mulatta. Yale J. Biol. Med. 16: 175-191, 1943. stimulation and one-half respond to thermal stimuli of the BORING, E. G. 
